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U.S. ENVIRONMENTAL PROTECTION AGENCY

Throughout its history, the U.S. Environmental Protection Agency (EPA) has evauated
technologies to determine their effectiveness in preventing, controlling, and cleaning up
pollution. EPA is now expanding these efforts by instituting a new program, the Environmental
Technology Verification Program---or ETV---to verify the performance of a larger universe of
innovative technical solutions to problems that threaten human health or the environment. ETV
was created to accelerate the entrance of new environmental technologies into the domestic and
international marketplace. It supplies technology buyers and developers, consulting engineers,
states, and U.S. EPA regions with high quality data on the performance of new technologies.
This encourages more rapid availability of approachesto better protect the environment.

ETV Drinking Water Systems Center

Concern about drinking water safety has accelerated in recent years due to much publicized
outbreaks of waterborne disease and information linking ingestion of arsenic to cancer incidence.
The EPA is authorized through the Safe Drinking Water Act (SDWA) to set numerical
contaminant standards and treatment and monitoring requirements that will ensure the safety of
public water supplies. However, small communities are often poorly equipped to comply with
al of the requirements; less costly package treatment technologies may offer a solution. These
package plants can be designed to deal with specific problems of a particular community;
additionally, they may be installed on site more efficiently---requiring less start-up capital and
time than traditionally constructed water treatment plants. The opportunity for the sales of such
systemsin other countriesis also substantial.

The EPA has partnered with NSF International (NSF) to verify performance of small drinking
water systems that serve small communities. It is expected that both the domestic and
international markets for such systems are substantial. The EPA and NSF have formed an
oversight stakeholders group composed of buyers, sellers, and states (issuers of permits), to assist
in formulating consensus testing protocols. A goal of verification testing is to enhance and
facilitate the acceptance of small drinking water treatment equipment by state drinking water
regulatory officials and consulting engineers while reducing the need for testing of equipment at
each location where the equipment use is contemplated. NSF will meet this goal by working
with equipment manufacturers and other agencies in planning and conducting equipment
verification testing, evaluating data generated by such testing, and managing and disseminating
information. The manufacturer is expected to secure the appropriate resources to support its part
of the equipment verification process, including provision of equipment and technical support.

The verification process established by the EPA and NSF is intended to serve as a template for
conducting water treatment verification tests that will generate high quality data for verification
of equipment performance. The verification process can help in moving small drinking water
equipment into routine use more quickly. The verification of an equipment’s performance
involves five sequential steps:

1. Development of a Product Specific Test Plan (PSTP);
2. Execution of verification testing;
3. Datareduction, analysis, and reporting;
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4. Performance and cost factor (Iabor, chemicals, energy) verification; and
5. Report preparation and information transfer.

This verification testing program is being conducted by NSF with participation of manufacturers,
under the sponsorship of the EPA Office of Research and Development (ORD), Nationa Risk
Management Research Laboratory (NRMRL), Water Supply and Water Resources Division
(WSWRD) - Cincinnati, Ohio. NSF'sroleis to provide technical and administrative leadership
and support in conducting the testing. It is important to note that verification of the equipment
does not mean that the equipment is “certified” by NSF or EPA. Rather, it recognizes that the
performance of the equipment has been determined and verified by these organizations.

Partnerships

The EPA and NSF cooperatively organized and develop the ETV Drinking Water Systems
(DWS) Center to meet community and commercial needs. NSF and the Association of State
Drinking Water Administrators (ASDWA) have an understanding to assist each other in
promoting and communicating the benefits and results of the project.

NSF INTERNATIONAL

Mission Statement:

NSF, an independent, non-governmental organization, is dedicated to being the leading global
provider of public health and safety-based risk management solutions while representing the
interest of all stakeholders.

NSF Purpose and Organization

NSF is an independent not-for-profit organization. For more than 52 years, NSF has been in the
business of developing consensus standards that promote and protect public health and the
environment and providing testing and certification services to ensure manufacturers and users
alike that products meet those standards. Today, millions of products bear the NSF Name, Logo
and/or Mark, symbols upon which the public can rely for assurance that equipment and products
meet strict public health and performance criteria and standards.

Limitations of use of NSF Documents
This protocol is subject to revision; contact NSF to confirm this revision is current. The testing
against this protocol does not constitute an NSF Certification of the product tested.
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ORGANIZATION AND INTENDED USE OF PROTOCOL AND TEST PLANS

NSF encourages the user of this protocol to also read and understand the policies related to the
verification and testing of drinking water treatment systems and equipment.

The first chapter of this document describes the protocol required in all studies verifying the
performance of equipment or systems removing arsenic. The remaining chapters, or Technology
Specific Test Plans (TSTPs), describe the additiona requirements for equipment and systems
using specific technologies to attain the goals and objectives of the protocol: the removal of
arsenic.

Prior to the verification testing of drinking water treatment systems, plants and/or equipment, the
equipment manufacturer and/or supplier must select an NSF-qualified, Field Testing
Organization (FTO). This designated FTO must write a PSTP to define the testing plan specific
to the product. The equipment manufacturer and/or supplier will need this protocol and the
TSTP(s) contained herein and possibly other ETV protocols and TSTPs to develop the PSTP,
depending on the treatment technologies used in the unit processes or treatment train of the
equipment or system. More than one protocol and/or TSTP may be necessary to address the
eguipment’ s capabilities in the treatment of drinking water.

Testing shall be conducted by an NSF-qualified FTO that is selected by the manufacturer. Water
quality analytical work to be completed as a part of a TSTP shall be contracted with a laboratory
that is certified, accredited or approved by a state, a third-party organization (i.e., NSF), or the
U.S. EPA. For information on alisting of NSF-qualified FTOs and state, third-party, or the U.S.
EPA- accredited laboratories, contact NSF.
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1.0 INTRODUCTION

This document is the protocol to be used for verification testing of equipment designed to
achieve arsenic removal. The Field Testing Organization (FTO) is requested to adhere to the
requirements of this protocol in developing a Product Specific Test Plan (PSTP).

The testing of new technologies and materials that are unfamiliar to NSF International (NSF)
and/or the EPA will not be discouraged. It is recommended that resins or membranes or any
other material or chemical in the equipment conform to NSF/American National Standards
Institute (ANSI) Standard 60 and 61.

The final submission of the PSTP shall:

Include the information requested in this protocol;

Conform to the format identified herein; and

Conform to the specific Environmental Technology Verification (ETV) Technology
Specific Test Plan(s) [TSTP(s)] related to the manufacturer’ s statement(s) of performance
capabilities that are to be verified.

The PSTP may incorporate the requirements of more than one TSTP. For example, testing might
be undertaken to verify performance of a system employing coagulation and filtration for arsenic
removal and for removal of microbiological and particulate contaminants or for removal of
disinfection byproduct precursors.

This protocol document is presented in two fonts. The non-italicized font provides the rationale
for the requirements and background information that the FTO may find useful in preparation of
the PSTP. The italicized text indicates specific protocol deliverables that are required of the
FTO and of the manufacturer and that must be incorporated in the PSTP.

The following glossary terms are presented here for subsequent reference in this protocol:

Distribution System - A system of conduits by which a primary water supply is conveyed
to consumerstypically by a network of pipes.

EPA - The United States Environmental Protection Agency, its staff or authorized
representatives.

Field Testing Organization (FTO) - An organization qualified to conduct studies and
testing of drinking water treatment equipment in accordance with protocols and TSTPs.
Therole of the FTO is to complete the application on behalf of the company; to enter into
contracts with NSF, as discussed herein, arrange for or conduct the skilled operation of
equipment during the intense period of testing during the study and the tasks required by
the protocol.

Manufacturer - A business that assembles and/or sells package plant equipment and/or
modular systems. The role of the manufacturer is to provide the package plant and/or
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modular system and technical support for the verification testing and study. The
manufacturer is also responsible for providing assistance to the FTO during operation and
monitoring of the package plant or modular system during the verification testing and
study.

Modular System - A packaged functional assembly of components for use in a drinking
water treatment system or package plant that provides a limited form of treatment of the
feed water(s) and which is discharged to another module of the package plant or the fina
step of treatment to the distribution system.

NSF - NSF International, its staff, or other authorized representatives.

Package Plant - A complete water treatment system including al components from
connection to the raw water(s) through discharge to the distribution system.

Plant Operator - The person working for a small water system who is responsible for
operating water treatment equipment to produce treated drinking water. This person also
may collect samples, record data, and attend to the daily operations of equipment
throughout the testing periods.

Product Specific Test Plan (PSTP) - A written document of procedures for on-site/in-line
testing, sample collection, preservation, and shipment and other on-site activities
described in the EPA/NSF ETV protocol(s) and TSTP(s) that apply to a specific make
and model of a package plant/modular system.

Protocol - A written document that clearly states the objectives, goals, and scope of the
study as well as the TSTP(s) for the conduct of the study. The protocol shall be used for
reference during manufacturer participation in the verification testing program.

Report - A written document that includes data, tests results, findings, and any pertinent
information collected in accordance with a protocol, analytical methods, procedures, etc.,
in the assessment of a product whether such information is preliminary, draft, or final
form.

Surface Water - All water which is open to the atmosphere and subject to surface runoff.
For purposes of this document, surface water includes water from surface sources such as
lakes, reservoirs, canals, rivers, or streams; and it also includes ground water under the
direct influence of surface water.

Technology Specific Testing Plan (TSTP) - A written document that describes the
procedures for conducting a test or study for the application of water treatment
technology. At a minimum, the TSTP will include detailed instructions for sample and
data collection, sample handling and sample preservation, precision, accuracy,
reproducibility goals, and quality assurance and quality control (QA/QC) requirements.
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Testing Laboratory - An organization certified by a third-party independent organization,
federal agency, or a pertinent state regulatory authority to perform the testing of drinking
water samples. The role of the testing laboratory in the verification testing of drinking
water treatment equipment is to analyze the water samples in accordance with the
methods and meet the pertinent QA/QC requirements described in the protocol, TSTP,
and PSTP.

Verification - To establish the evidence on the range of performance of equipment and/or
device such as a package plant or modular system under specific conditions following a
predetermined protocol(s) and TSTP(s).

Verification Statement - A written document that summarizes afinal report reviewed and
approved by NSF on behalf of the EPA or directly by the EPA.

Water System - The water system that operates water treatment equipment to provide
treated water to its customers.

1.1  Objectives

The specific objectives of verification testing may be different for each drinking water treatment
system, depending upon the statement of performance capabilities of the specific equipment to
be tested. Verification testing conducted at a single site may not represent every environmental
situation which may be acceptable for the equipment tested, but it will provide data of sufficient
quality to make a judgment about the application of the equipment under conditions similar to
those encountered in the verification testing. The objectives developed by each manufacturer
shall be defined and described in detail in the PSTP developed for each piece of equipment. The
objectives of the equipment verification testing may include:

Generation of field data appropriate for verifying the performance of the equipment and
Evaluation of new advances in equipment and equipment design.

An important aspect in the development of the verification testing is to describe the procedures
that will be used to verify the statement of performance capabilities made for water treatment
equipment. A PSTP incorporates the QA/QC elements needed to provide data of appropriate
quality sufficient to reach a defensible position regarding the equipment performance.

1.2  Scope

This protocol outlines the verification process for equipment designed to achieve arsenic
removal. The scope of this protocol includes TSTPs for drinking water treatment systems
employing ion exchange, coagulation and/or co-precipitation and filtration, electrodialysis,
electrodialysis reversal, reverse osmosis (RO), and adsorptive media, for the removal of arsenic.

An overview of the verification process and the elements of the PSTP to be developed by the
FTO are described in this protocol. Specifically, the PSTP shall define the following el ements of
the verification testing:
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Roles and responsibilities of verification testing participants,

Procedures governing verification testing activities such as equipment operation and
process monitoring; sample collection, preservation, and analysis; and data collection and
interpretation (see Section 5.0 - Field Operations Procedures);

Experimental Design (see Section 4.0);

QA/QC procedures for conducting the verification testing and for assessing the quality of
the data generated from the verification testing;

Health and safety measures relating to electrical, mechanical and other safety codes; and
Environmental concerns relating to the disposal of biological and/or chemical wastes.

Content of PSTP:

The structure of the PSTP must conform to the outline below: The required components of the
Document shall be described in greater detail in the sections below.

2.0

21

TITLE PAGE

FOREWORD

TABLE OF CONTENTS -The Table of Contents for the PSTP shall include the headings
provided in this document although they may be modified as appropriate for a particular
type of equipment to be tested.

EXECUTIVE SUMMARY -The Executive Summary describes the contents of the PSTP
(not to exceed two pages). A general description of the equipment and the statement of
performance capabilities which shall be verified during testing shall be included, as well
as the testing locations, a schedule, and a list of participants.

ABBREVIATIONS AND ACRONYMS - A list of the abbreviations and acronyms used in
the PSTP shall be provided.

EQUIPMENT VERIFICATION TESTING RESPONSBILITIES (described in the sections
below)

EQUIPMENT CAPABILITIESAND DESCRIPTION (described in the sections bel ow)
EXPERIMENTAL DESGN (described in the sections bel ow)

FIELD OPERATIONS PROCEDURES (described in the section below)

QUALITY ASSURANCE PROJECT PLAN (described in the section below)

DATA MANAGEMENT AND ANALYS S (described in the section below)

SAFETY PLAN (described in the section below)

EQUIPMENT VERIFICATION TESTING RESPONSIBILITIES

Verification Testing Organization and Participants

The required content of the PSTP and the responsibilities of participants are listed at the end of
each section. In the development of a PSTP, a manufacturer and its designated FTO shall
provide a table which includes the name, affiliation, and mailing address of each participant, a
point of contact, their role, and telephone, fax and E-mail address.
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The equipment provided by the manufacturer shall explicitly meet all the requirements of
Occupational Safety and Health Association (OSHA), National Electrical Manufacturers
Association (NEMA), Underwriters Laboratory (UL), NSF and other appropriate agencies to
ensure operator safety during verification testing.

2.2 Organization

The organizational structure for the verification testing showing lines of communication shall be
provided by the FTO in its application on behalf of the manufacturer.

2.3 Verification Testing Site Name and L ocation

This section discusses background information on the verification testing site(s), with emphasis
on the quality of the feed water, which in some cases may be the source water at the site and may
include surface as well as ground waters. The PSTP must provide the site names and locations.
In most cases, the equipment may be demonstrated at more than one site. In all cases, the
equipment should be tested under different feed water quality (or source water quality) and
where applicable, under seasonal weather conditions (e.g., surface waters).

24 Site Characteristics

The PSTP must include a description of the test site. This should include a description of where
the equipment will be located. If the feed water is the source water for an existing water
treatment plant, the following information should be provided:

Characteristics of the feed water where it enters the treatment system;

Analytical data results from the analysis of the raw water (without the addition of any
water treatment chemicals) for use as the feed water to the equipment being tested,;

Pattern of operation of the raw water pumping System (is it continuous or intermittent?);
and

Characteristics of the facilities which will be used for handling treated water and waste
(i.e., residuals) from the testing program.

The PSTP shall include the following waste product(s) considerations, when applicable to water
treatment plant testing:

The finished and wastewater flows produced by the equipment being tested should be
analyzed and discharged appropriately.
Obtain awater pollution discharge permits, if needed.

25 Responsibilities

This section identifies the organizations involved in the testing and describes the primary
responsibilities of each organization. The responsibilities of the manufacturer will vary
depending on the type of verification testing. Multiple manufacturer testing at one time is also
an option.
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In brief, the FTO shall be responsible for:

Preparation of the PSTP,

Providing needed logistica support, establishing a communication network, and
scheduling and coordinating the activities of all verification testing participants;

Ensuring that locations selected as test sites have feed water quality consistent with the
objectives of the verification testing (manufacturer may recommend a verification testing
site(s));

Managing, evaluating, interpreting, and reporting on data generated by the verification
testing; and

Evaluating and reporting on the performance of the technologies.

The manufacturer shall be responsible for providing the equipment to be evaluated.

Content of PSTP Regarding Verification Testing Responsibilities:

The FTO shall be responsible for including the following elements in the PSTP:

A table which includes the name, affiliation, and mailing address of each participant, a
point of contact, their role, and telephone, fax and email address;

Definition of the roles and responsibilities of appropriate verification testing
participants;

Organization of operational and analytical support;

List of the site name(s) and location(s); and

Description of the test site(s), the site characteristics and identification of where the
equipment will be located.

The manufacturer shall be responsible for:

3.0

3.1

Provision of complete, field-ready equipment for verification testing;

Provision of logistical, and technical support, asrequired;

Provision of assistance to the qualified FTO during operation and monitoring of the
equipment during the verification testing;

Reviewing the PSTP; and

Reviewing the verification report.

EQUIPMENT CAPABILITIESAND DESCRIPTION

Equipment Capabilities

The manufacturer and its designated FTO must provide the water quality objectives to be
achieved in the statement of performance capabilities of the equipment to be evaluated in the
verification testing. The manufacturer’s performance capabilities are used to establish data
quality objectives (DQOs) to develop the experimental design of the verification test. The
broader the performance objectives, the more comprehensive the PSTP must be to achieve the
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DQOs. Statements should also be made regarding the applications of the equipment, what
advantages it provides over existing equipment and the known limitations of the equipment. The
statement of performance capabilities must be specific and be verifiable by a statistical analysis
of thedata. An example of a satisfactory statement of performance capabilities would be:

“This reverse osmosis system is capable of achieving a minimum of 95 percent arsenic
remova when the arsenic in the feed water is between 10 and 200 ng/L.”

A statement of performance capabilities such as:

“This system will be capable of meeting the anticipated arsenic maximum contaminant
level (MCL) on a consistent and dependable basis,”

would not be acceptable.

The statement of performance capabilities shall indicate the range of water quality with which
the equipment can be challenged while successfully treating the feed water. Statements of
performance capabilities that are too easily met may not be of interest to the potential user, while
performance capabilities that are overstated may not be achievable. The statement of
performance capabilities forms the basis of the entire verification testing and must be chosen
appropriately. Therefore, the design of the PSTP should include a sufficient range of feed water
quality to permit verification of the statement of performance capabilities.

3.2  Equipment Description

Description of the equipment to be used in verification testing shall be included in the PSTP.
Data plates shall be permanent and securely attached to each production unit. The data plate
shall be easy to read in English or the language of the intended user, located on the equipment
whereit isreadily accessible, and contain at least the following information:

Equipment Name;

Model #,

Manufacturer’s name and address,

Electrical requirements - volts, amps, and Hertz;

Seria Number;

Warning and Caution statements in legible and easily discernible print size; and
Capacity or output rate (if applicable).

Content of PSTP Regarding Equipment Capabilities and Description:
The PSTP shall include the following el ements:

Description of the treatment train and each unit process included in the equipment,
including photographs from relevant angles or perspectives;

Brief introduction and discussion of the engineering and scientific concepts on which the
water treatment equipment is based;
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Description of the treatment train and each unit process included in the equipment
including all relevant schematics,

Brief description of the physical construction/components of the equipment, including the
general environmental requirements and limitations, weight, transportability,
ruggedness, power and other consumables needed, etc.;

Satement of typical rates of consumption of chemicals and rates of production of wastes
(concentrates, residues, €tc.);

Definition of the performance range of the equipment;

Identification of any special licensing requirements associated with the operation of the
equipment;

Description of the applications of the equipment and what advantages it provides over
existing equipment by providing comparisons in such areas as: treatment capabilities,
requirements for chemicals and materials, power, labor requirements, suitability for
process monitoring and operation from remote locations, ability to be managed by part-
time operators; and

Discussion of the known limitations of the equipment including such items as the range of
feed water quality suitable for treatment with the equipment, the upper limits for
concentrations of regulated contaminants that can be removed to concentrations below
the manufacturer’s performance capabilities, level of operator skill required to
successfully use the equipment.

40 EXPERIMENTAL DESIGN

This section discusses the objectives of the verification testing, factors that must be considered to
verify the performance capabilities, and the statistical and other means that the FTO will use to
evaluate the results of the verification testing.

4.1  Objectives
The objectives of this verification testing are to evaluate equipment in the following areas:

Performance relative to manufacturer’ s stated range of equipment capabilities,
Impacts of feed water quality variations on its performance;

Logistical, human, and economic resources necessary to operate the equipment; and
Reliability, ruggedness, cost factors, range of usefulness, and ease of operation.

The PSTP shal include those treatment tests listed in TSTPs that are most appropriate to
challenge the drinking water treatment system. For example, if equipment is only intended for
use with ground water, the use of untreated river water as the feed water would not be

appropriate.
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4.2  Equipment Characteristics

This section discusses factors that will be considered in the design and implementation of the
verification testing. These factors include:

Ease of operation;

Degree of operator attention required;

Response of equipment and treatment process to changes in feed water quality;
Electrical requirements,

Feed water flow requirements;

Discharge requirements (residuals and treated water flows);

Equipment footprint;

Unit processes included in treatment train; and

Chemical s needed.

Verification testing procedures will simulate routine conditions as much as possible and in most
cases testing may be done in the field; hence, in that circumstance, field condition simulation
would not be necessary.

42.1 Qualitative Factors

Some factors, while important, are difficult or impossible to quantify. These are
considered qualitative factors. Important factors that cannot easily be quantified are the
portability of equipment and logistical requirements necessary for using it.

Typica qualitative factors to be discussed are listed below, and others may be added.
The PSTP should discuss those factors that are appropriate to the test equipment,
including:

Reliability or susceptibility to adverse environmental conditions and
Effect of operator experience on the treatment results.

4.2.2 Quantitative Factors

Many factors in this verification testing can be quantified by various means. Typical
guantitative factors to be discussed are listed below, and others may be added. The PSTP
shall discuss those factors that are appropriate to the test equipment, including:

Power and consumable supply (such as chemical) requirements,

Cost factors of operation and waste disposal (such as labor hours and quantity of
wastes generated);

Budget for preventative maintenance;

Length of operating cycle; and

Chemical composition assessment of any solid waste produced for disposal
purposes by Toxicity Characteristic Leaching Procedure (TCLP) and the

September 2003 Page 1-12



California Waste Extraction Test (WET). TCLP shall be performed in the
laboratory using SW-846 and EPA Method 1311, including Method SW-846
6010B for As, Ba, Cd, Cr, Cu, Ni, Pb, Se, Ag, and Zn; and Method SW-846
7470A for Hg. The Cdifornia WET shall be performed in the laboratory,
including Method SW-846 6010B for As, Ba, Cd, Cr, Cu, Ni, Pb, Se, Ag, and Zn;
and Method SW-846 7470A for Hg.

These quantitative factors will be used as an initial benchmark to assess equipment
performance.

4.3  Water Quality Considerations

Water treatment equipment is used to treat water and change the quality of feed water (or raw
water) so it does not contain harmful contaminants and is aesthetically pleasing and palatable.
The experimental design shall be developed so the relevant questions about water treatment
equipment capabilities can be answered.

Equipment manufacturers should recognize that it is highly unlikely that any single item of water
treatment process equipment can successfully treat any conceivable feed water containing all of
the regulated contaminants and produce a treated water that meets the quality requirements for
every regulated contaminant. Although multiple processes could be placed in atreatment train to
accomplish such a goal, for most public water systems such comprehensive treatment capability
is not needed and would not be cost effective. Therefore, drinking water treatment has focused
on improving the water quality aspects of concern for particular locations.

The range of contaminants or water quality problems that can be addressed by water treatment
eguipment varies, and some treatment equipment can address a broader range of problems than
other types. Manufacturers should carefully consider the capabilities and limitations of their
equipment and have PSTPs prepared that challenge their product sufficiently to provide data for
abroad market. FTOs shall use TSTPs as the basis for preparation of the specific PSTPs.

4.3.1 Feed Water Quality

One of the key aspects related to performance verification is the range of feed water
quality that can be treated successfully, resulting in treated water quality that meets water
quality objectives or regulatory requirements. As the range of feed water quality that can
be treated by the equipment becomes broader, the potential applications for treatment
equipment with verified performance capabilities should aso increase. One of the
guestions often asked by regulatory engineers in approving water treatment equipment is,
“Has it been shown to work on the water where you propose to put it?” By covering a
large range of water qualities, the verification testing is more likely to provide an
affirmative answer to that question. Characteristics of feed water quality that can be
important for treatment equipment intended for arsenic removal include:

Turbidity, suspended particles;
Arsenic concentration;
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4.4

Arsenic species,

Other ionsin solution, particularly sulfate, fluoride, and silica;

Temperature, with temperatures near freezing having potential for the most
difficult treatment conditions;

Dissolved organic carbon (DOC), total organic carbon (TOC);

pH, alkalinity, and hardness;

Iron and manganese; and

Total dissolved solids (TDYS).

4.3.2 Treated Water Quality

Treated water quality is very important. |f a manufacturer’s statement of performance
capabilities states that water treatment equipment can be used to achieve a targeted
arsenic removal under a range of influent arsenic levels, the verification testing must be
performed to confirm this statement. In addition, the manufacturer may wish to make a
statement about performance capabilities of the equipment for remova of other
contaminants.

In some cases, when the treated water arsenic concentration is crucial to determine the
breakthrough of arsenic during the verification test, field test kits may be used to monitor
arsenic, which can provide immediate information on the arsenic concentrations in the
treated water. These Kits are not acceptable for final verification data, but can be used to
indicate when arsenic isincreasing in the treated water.

Furthermore, some water treatment equipment can be used to meet aesthetic objectives.
Water quality considerations that may be important for some small systems include:

Color, taste and odor;
TDS; and
Iron and manganese.

Finally, other water quality parameters are useful for assessing equipment performance.
These may include:

Particle count or concentration and
TOC.

The manufacturer and FTO are encouraged to address these factors in the design of the
verification testing program.

Recording Data

For all arsenic removal experiments, data shall be maintained on the pH, temperature, and other
water quality parameters listed in Sections 4.3.1 and 4.3.2 above. The following items of
information shall also be maintained for each experiment:
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Type of chemical addition, dose and chemical combination, where applicable (e.g. alum,
ferric chloride, ferric sulfate, cationic polymer, anionic polymer, ozone, monochloramine,
scaleinhibitor, etc.);

Water type (raw water, pretreated or spiked feed water, product water, waste water); and
Experimental run (e.g. 1% run, 2™ run, 3% run, etc.).

45  Recording Statistical Uncertainty

For the analytical data obtained during verification testing, 95% confidence intervals shall be
calculated by the FTO for water quality parameters in which eight or more samples were
collected. The PSTP shal specify which water quality parameters shall be subjected to the
requirements of confidence interval calculation. DQOs and the vendor's statement of
performance capabilities shall be used to assess which water quality parameters are critical and
thus require confidence interval statistics. Asthe name implies, a confidence interval describes a
population range in which any individual population measurement may exist with a specified
percent confidence. The following formula shall be employed for confidence interval
calculation:

ConfidenceInterval = x + t EeS
n-1,1- e n

|-O:
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N |

where: X isthe sample mean;
Sisthe sample standard deviation;
n isthe number of independent measurements included in the data set;
t is the Student’ s distribution value with n-1 degrees of freedom; and
dlisthe significance level, defined for 95% confidence as. 1 - 0.95=0.05.

According to the 95% confidence interval approach, the a [term is defined to have the value of
0.05, thus ssimplifying the equation for the 95% confidence interval in the following manner:

e 0
-1,0.975 -
" e\/ﬁ [1]

With input of the analytical results for pertinent water quality parameters into the 95%
confidence interval equation, the output will appear as the sample mean value plus or minus the
second term. The results of this statistical calculation may also be presented as a range of values
falling within the 95% confidence interval. For example, the results of the confidence interval
calculation may provide the following information: 520 +/- 38.4 mg/L, with a 95% confidence
interval range described as (482, 558).

95% Confidence Interval = x + t

Calculation of the confidence intervals shall not be required for equipment performance results
(e.g., filter run length, cleaning efficiency, in-line turbidity, or in-line pH monitoring, etc.)
obtained during the verification testing program. However, as specified by the FTO, calculation
of confidence intervals may be required for such analytical parameters as grab samples of
arsenic, TOC, fluoride, sulfate, or silica. To provide sufficient analytical data for statistical
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anaysis, the FTO shall collect a minimum of eight discrete water samples at one set of
operational conditions for each of the specified water quality parameters during a designated
testing period. The procedures and sampling requirements shall be provided in detail in the
PSTP.

4.6  Verification Testing Schedule

Verification testing activities include equipment set-up, initial operation, verification operation,
and sampling and analysis. Initial operations are intended to be conducted so equipment can be
tested to be sure it is functioning as intended. |f feed water (or source water) quality influences
operation and performance of the equipment being tested, the initial operations period serves as
the shake-down period for determining appropriate operating parameters. The schedule of
testing may aso be influenced by coordination requirements with a utility.

For water treatment equipment involving coagulation and filtration for arsenic 